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Abstrat. This paper presents an algorithm that transforms olor visual im-
ages, like photographs or paintings, into tatile graphis. In the algorithm, the
edges of objets are deteted and olors of the objets are estimated. Then, the
edges and the olors are enoded into lines and textures in the output tatile
image. Design of the method is substantiated by various qualities of hapti
reognizing of images. Also, means of presentation of the tatile images in
printouts are disussed. Example translated images are shown.
Keywords: olor images, tatile graphis, omputer graphis
1 Introdution
Tatile graphis (Hinton, 1966; Edman, 1992) is a way of obtaining information about
images by blind people. However, visual images an use features like olors and
textures, or edges with widely varying strength, that an be diult to translate
into tatile form. One of the reasons of it an be that the details in a tatile image
may need to be larger than the size of respetive details in the visual image, a blind
person may sense only parts of the tatile image at a time, and speial features may
be needed in the tatile image to enode olors and help guide the ngers.
The translation of images into the tatile form is often performed by skilled pro-
fessionals, espeially in the ase of transforming tehnial materials like maps or
diagrams. However, a human translator may not always be available or translation
by a human may be not fast enough. In these ases, a omputer doing automated
transformation of visual images into tatile images may be helpful. Also, suh a
omputer might also help a human translator, by performing some tasks that would
form a base to be netuned or extended by a human. There are many methods of
onverting images into tatile graphis (Hinton, 1966; Edman, 1992; Eriksson, 1988;
Gill, 1999; Eriksson, 1999).
In this paper, an automated method of transforming olor images like photographs
or paintings, in ontrast to speialized images like maps, is proposed. In the method,
edges and olors of objets in the input image are translated into appropriate features
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in the output tatile image. The edges are translated into varying thikness lines, to
help distinguishing objets in the tatile image. A way of translating olors into
textures is used that is the same for all of the proessed images. This is beause a
olor is not only a visual feature  it has also a deep semanti meaning. A blind
person an, for example by talking or reading books, meet the notion of olor, of
ourse, and get aquainted with fats like that the sun is yellow, sky is blue and grass
is green, like a sighted person. In eet, onveying the information about olors may
be one of the most important methods of helping the blind person in reognizing an
image, espeially in the ase of nontehnial images like photographs.
The paper also desribes a simple method of presentation of the resulting tatile
image on a printout.
Some examples of translation of olor images using the desribed method are
shown.
2 The algorithm
In this setion, rst the edge enoding is desribed, and then lassifying and enoding
of olors is presented.
2.1 Proessing edges
A speial edge detetor, developed by the author, is used in the presented method.
The detetor introdues a relatively low level of artifats into its output image of
edges and provides information about the strength of the edges. To not lutter the
tatile image, only edges above a given strength are enoded. An edge is enoded
with a line whose thikness inreases with the loal strength of the edge. The thinnest
lines are thik enough to be sensed relatively well. The thikest lines are thin enough
to guide a nger. Around a line, there is a small always nontextured gap so to ease
sensing of the line and guiding of ngers, like it is show in Fig. 1.
texturestextures texturestextures
possible disabled disabled possible
line
Figure 1: A shemati example of a line sensed by a nger.
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The thikness of the lines reahes a maximum value with the strength of the
represented edges relatively fast, so that most of the edges in an image are often
of the maximum thikness. This may ease nding edges, beause of their repeated
thikness. On the other hand, ne lines, to represent some less visible details, are
still available and an edge that slowly and gradually gains its strength in the olor
image may be represented by a line in the tatile image that gradually inreases its
thikness, instead of beginning abruptly, what ould be onfusing.
2.2 Proessing olors
Colors in the presented method are enoded with dierent textures.
The initial step in enoding olors is their blurring so that very dense patterns
in the input olor image are approximated with loally averaged olors. This is
performed to simplify the estimation of olors of objets, beause it substitutes the
averaging quality of human vision. For example, a lawn onsisting of green, blak
and yellow details may generally be pereived as having an average olor of dark,
yellowish green. In the ase of hapti sensing, a human ould need to estimate the
average olor by trying to assoiate small, dierently textured regions, what ould be
slow and umbersome. Also, hapti sensing may be less preise in reognizing small
mixed areas of dierent textures. The blurring of olors is performed after the edge
detetion, so that lines may still `sharply' represent borders between objets.
The resulting blurred olors are quantized into disrete groups. There are four
groups representing saturated olors: blue, green, yellow and red, and a fth group
of blak, grays and slightly saturated olors. In the quantization proess, a olor
representation is hanged from the RGB olor spae (Sharma and Trussell, 1997) to
the HSV olor spae(Shwarz et al., 1987). Then, there are some orretion of the
hue omponent on basis of the saturation and value omponents  it is taken into
aount that a olor having the hue omponent of yellow may beome green when its
value omponent dereases, and similarly darkening a olor with the hue omponent
of orange may make the olor yellowish.
Human vision has speialized mehanisms of texture lassiation and
segmentation(Bergen and Landy, 1991; Malik and Perona, 1990) yet the situation is
dierent with hapti pereption. Textures easy and fast to lassify using one of the
two disussed ways may be not the easiest one to pereive by using another of the
ways. Beause in oding olors as textures, tatile image may ontain large textured
regions, in the design of the proposed algorithm an emphasis was put on fast reog-
nition of dierent textures. Another problem addressed was suh a denition of the
textures that they ould be relatively easy to distinguish, in typial images, from the
lines that enode edges.
The proposed textures are designed to be easily distinguished by moving ngers
over the tatile image. Thus, a human moving ngers to loate the edges may also
relatively fast lassify the textures without halting or slowing the ngers. Also, a way
of helping loating fast the lines by varying the density of features in the textures
was developed.
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Aordingly to the quantization of olors, there are ve lasses of the textures.
The lasses representing saturated olors have the same pattern eah, but the pattern
is oriented at dierent angles in the ase of eah these lasses. The pattern has strong
diretional quality, so that the lass of texture may be easily determined by sliding
ngers over the tatile pattern. The fth lass, of blak, grays and lowly saturated
olors, has weak diretional properties, what makes the lass, by ontrast, easily
distinguishable from the four other lasses.
Within eah of the ve lasses, the `boldness' of the features is inversely propor-
tional to the brightness of the represented olor, so that there is a smooth transition
to white in the ase of eah lass, what redues abrupt hanges that might be sensed
as an artifat.
Samples of the disussed textures are shown in Fig. 2. It an be seen that
(a)
(b)
Figure 2: An input image (a) with ve bars: blue, green, yellow, red and gray, on
white bakground, and the resulting (b) tatile image.
the textures representing saturated olors onsist of small rhombuslike features, and
the fth lass, representing olors not saturated or slightly saturated, onsists of
small dotlike features. This way, the textures, by their `bumpy' quality, are more
distinguishable from the lines that represent edges. The shapes of the features further
enhane the diretional quality of the textures representing saturated olors.
The reasons for assigning suh textures as an be seen in Fig. 2, apart from the
reasons already mentioned, were as follows:
• The less saturated olors are often pereived as more neutral, thus the weak
diretional properties of the lass representing the grays or slightly saturated
olors, and highly diretional properties of the saturated olors. The dire-
tionality of the lasses representing saturated olors mathes also the need of
distinguishing between these lasses.
• The gradual hange of orientation of the textures in the saturated olor lasses
mathes the order of the olors in the olor wheel.
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• Blue an be assoiated with horizontal diretional, beause water basins like
rivers or lakes often have their surfae horizontal or very lose to the horizontal.
• Most people are righthanded, what make it likely that they will more readily
use their right hand to detet the textures a tatile image. Moving ngers of
the right hand over the tatile image that does not require larger movements
of the wrist, that is require a relatively small amount of energy, is smoother
in the ase of the `green' lass of textures in ompare to the `red' lass, as it
is shown in Fig. 3. The smoothness of texture, in turn, an make it easier to
detet lines representing the edges of objets. It may have two advantages.
First, green generally may be more ommon in many images than red. Seond,
green may be pereived as a more `alm' olor than red, what mathes well with
the disussed smoothness of moving ngers.
Figure 3: An example of a likely way of plaing a right hand by a righthanded person
over a tatile image with textures representing red and green.
Within eah lass of textures, not only the boldness, but also the density of the
features may vary. The density of a texture expresses loal mean density of lines in
the tatile image. In the relatively empty regions the textures are sparse, and near
lines the textures are dense. That makes nding lines in the tatile image faster,
beause the regions near to edges are emphasized by the textures, and the regions far
from edges may be sensed faster beause of the low density of features. The greater
density of the olor enoding textures near to the lines inreases also the preision
of representing olors, what may be important beause it may be likely that near
to the lines there are small regions limited by these lines. In regions very near to
the lines, the textures are disabled, of ourse, as it was disussed in Se.2.1. An
example of varying density of textures is shown in Fig. 4. The loal mean densities
Figure 4: Example tatile image with textures having varying density.
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are omputed as follows. A quantized image of edges is reated, that is an image in
whih every edge with a strength above a given threshold, the same as the threshold
disussed in Se. 2.1, is marked with 1, and the rest of the image is marked with 0.
Then the image is blurred. The resulting values in the image, in the range from 0 to
1, determine the disussed densities of textures.
The number of lasses of the textures is limited to ve to inrease the speed of
reognizing the lasses, what may be important beause an image may ontain large
textured regions. Some experiments shown that more lasses may make the task
substantially slower. On the other hand, it may be advantageous to quantize olors
to more than ve groups. Perhaps a way of maintaining the speed of reognizing,
while at the same time representing olors by more lasses of textures, ould be done
by dividing a `main' texture lass into sublasses, that dier by some `seondary'
features, in opposite to the `primary' feature, that determines a whole `main' lass.
The seondary features would need a loser inspetion to reognize, but on the other
hand these features would not interfere with the reognition of the primary features.
This way, determining the the `main' lass would still be fast, but there would still
be a possibility of determining a `ner' sublass.
One of propositions of introduing the seondary features is to divide eah of
the four lasses representing the saturated olors into three sublasses. The `enter'
sublass would represent a `typial' blue, green, yellow or red, and the `fringe' lasses
would represent `transitional' olors. The dierentiating seondary feature would be
the orientation of the rhombuses, i. e. reddish orange would be represented by a
texture in the `main' lass of the red olor, yet the rhombuses of the texture would
be oriented as in the ase of a `typial' yellow. The example is illustrated in Fig. 5.
In the urrent version of the algorithm, the `fringe' lasses are not used and it will
be tested in experiments whether the optional introdution ould be advantageous in
some ases.
reddish orangered yellow
Figure 5: An example of representing `typial' and `fringe' olors by textures.
2.3 Presenting an image on a printout
The images are printed withing a textured frame. There is a gap between the frame
and the image, so that the frame does not interfere with the image ontents. The
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texture of the frame is like the lass of textures representing grays, yet muh ner, to
be easily distinguishable. The very weak diretional properties provide neutrality of
the frame. Below the main tatile image with lines and textures, there is a smaller
tatile image with lines only, also in a frame. The smaller image an be used for rough
yet fast determining of the image ontents, what may be helpful when reognizing the
larger, textured image. Between the frames of the two images there is a substantial
gap, to ease fast loating of the two tatile images.
3 Tests
Let us rst test the drawing shown in Fig. 6(a). The output tatile form of the image,
transformed by the disussed algorithm and presented in the form for printing, is
shown in Fig. 6(b). It is obvious that the ability of telling the olors of objet in the
(a) (b)
Figure 6: An example translation of a olor image (a) into a tatile graphis printout
(b).
image like the pond, the sun or the grass, among other, may help in reognizing the
objets.
Let us test the translation of a sample photograph, where the varying thikness
of lines is more learly visible. An example suh a translation is shown in Fig. 7. It
an be seen in the example that while several features may be easily deteted, some
netuning of the edges by a human ould improve the tatile image.
4 Conlusions
A human translator may in some ases reate higher quality images than the presented
automati method would do, beause a human an understand an image on a semanti
level. For example, the edge detetor used in the method is olor gradientsensitive,
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(a) (b)
Figure 7: Example onversion of a olor photograph (a) into a tatile image (b).
while a human ould mark edges in the tatile image by basing on the semanti
meaning of the edges. On the other hand, an automati translation of olor graphis
into tatile form may speed up often longlasting tasks like traing objet boundaries
or marking objets with textures, and very preisely draw the textures having variable
density and variable boldness. The intermediate solution is to use a omputer as a
help to a human translator. For example, a human translator ould mark the edges
or alter, in a graphis appliation, the image of edges provided by the algorithm,
and then the algorithm ould omplement the image with textures. Summarizing,
the preferred method may depend on things like image omplexity, availability of a
human translator, the required quality or the required speed of the translation.
The presented method is urrently onsulted with the blind people. Various pa-
rameters may hange, like the thikness of lines, the width of the regions with disabled
textures around the edges, or the sale of the textures. Also the possibility of intro-
duing of the disussed `fringe' olors is onsulted.
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